20C, a novel bibenzyl compound, is isolated from Gastrodia elata. In our previous study, 20C showed protective effects on tunicamycin-induced endoplasmic reticulum stress, rotenone-induced apoptosis and rotenone-induced oxidative damage. However, the anti-neuroinflammatory effect of 20C is still with limited acquaintance. The objective of this study was to confirm the anti-neuroinflammatory effect of 20C on Lipopolysaccharide (LPS)-activated BV-2 cells and further elucidated the underlying molecular mechanisms. In this study, 20C significantly attenuated the protein levels of nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and interleukin (IL)-1β, and secretion of nitric oxide (NO) and tumor necrosis factor (TNF)-α induced by Lipopolysaccharide (LPS) in BV-2 cells. Moreover, 20C up-regulated the levels of autophagy-related proteins in LPS-activated BV-2 cells. The requirement of mitogen-activated protein kinases (MAPKs) has been well documented for regulating the process of autophagy. Both 20C and rapamycin enhanced autophagy by suppressing the phosphorylation of MAPKs signaling pathway. Furthermore, 20C treatment significantly inhibited the levels of toll like receptor 4 (TLR4), phosphorylated-protein kinase B (Akt) and phosphorylated-mechanistic target of rapamycin (mTOR), indicating blocking TLR4/Akt/mTOR might be an underlying basis for the anti-inflammatory effect of 20C. These findings suggest that 20C has therapeutic potential for treating neurodegenerative diseases in the future.
Introduction
Neuroinflammation is recognized as a common disease-related factor influencing neurodegenerative diseases progression (Ransohoff, 2016; Schwartz and Deczkowska, 2016) . In neuroinflammation, it is characterized by microglia activation and the presence of neuroinflammatory mediators in the brain microenvironment. Microglia is the major immune cell, act as the resident effector cells in immune defense and maintain central nervous system (CNS) homeostasis through their accurate activation (Colonna and Butovsky, 2017; Yirmiya et al., 2015) . The inflammatory response induced by microglia contributes to the development of neurodegenerative diseases and causes neurons death through excessive production of pro-inflammatory mediators, including tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), nitric oxide (NO) and enzymes associated with inflammation such as inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) (Mendiola and Cardona, 2017; Tiwari and Pal, 2017) . Therefore, blocking the activation of microglia-mediated neuroinflammation is considered to be a potential treatment strategy in neurodegenerative diseases.
Autophagy is a ubiquitous intracellular degradation process in eukaryotic cells, which regulates the removal of cellular components or damaged organelles, and ultimately achieves a balance in host homeostasis (Muller et al., 2017) . Recent research suggests that autophagy also affects various aspects of immune inflammation and may exhibit protective effect in wide ranges of inflammatory diseases (Deretic et al., 2013; Netea-Maier et al., 2016) . The process of autophagy influences inflammation via regulating immune signaling pathways and equals the beneficial and detrimental influences of inflammatory response (PlazaZabala et al., 2017) . Autophagy is emerging as a crucial regulator in neurodegenerative disorders and drugs modulating autophagy have been realized in animal models (Levine et al., 2011) .
As a significant pattern recognition receptor (PRR), toll like receptor 4 (TLR4) is mainly expressed at microglia. Lipopolysaccharide (LPS) is a main component of the outer membrane of gram-negative bacteria, which can activate TLR4 binding with inflammation and autophagy (Xu et al., 2007) . Recent studies have proved that the induction of autophagy involves several signal pathways. Phosphatidylinositol 3-kinase (PI3K)/ protein kinase B (Akt)/ mechanistic target of rapamycin (mTOR) and mitogen-activated protein kinases (MAPKs) signaling pathways exert essential roles. The protein kinase mTOR is one of major downstream regulatory factors and has two different complexes named mTOR complex 1 (mTORC1) and mTORC2. Moreover, mTORC1 is a vital negative regulator of autophagy associated with various signaling pathways including the downstream inflammatory responses (Fu et al., 2017; Hu et al., 2016) . Similar to the PI3K/Akt/mTOR signal pathway, extracellular signal-regulated kinase (ERK), c-jun NH2-terminal kinase (JNK) and p38 MAPK are required particularly in the activation of microglia cells to response to autophagy (Zhao et al., 2015) .
Gastrodia elata (Tianma, GE) a traditional medicinal herb in China, has been widely used for treating vertigo and hypertension for many years. Recent studies have reported that treatment with this herb was able to reduce memory impairment and enhance cognitive function in neurodegenerative diseases (Duan et al., 2015; Li and Qian, 2016) . The bibenzyl compound 20C (Fig. 1) is isolated from Gastrodia elata. 20C was able to protect PC12 cells against tunicamycin-induced endoplasmic reticulum stress, rotenone-induced apoptosis and rotenoneinduced oxidative damage Mou et al., 2016; Zhang et al., 2017) . Both oxidative stress and endoplasmic reticulum stress are associated with neuroinflammation, so our study aims at investigating whether 20C exerts anti-neuroinflammatory effect and its potential molecular mechanisms.
Materials and methods

Reagents and antibodies
20C was offered by the Department of Chemosynthesis, Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College (Beijing, China). 20C was dissolved in dimethyl sulfoxide (DMSO) and stored at −20°C. LPS, DMSO, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diph-enyltetrazolium bromide (MTT), Akt1/ 2 kinase inhibitor Akti, ERK1/2 inhibitor PD98059, JNK inhibitor SP600125, P38 inhibitor SB203580 and rapamycin were bought from Sigma-Aldrich (St Louis, MO, USA). TLR4 inhibitor CLi-095 was purchased from Invivogen (San Diego, California). Chloroquine (CQ) was bought from Selleckchem (Houston, TX, USA). Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/F-12), and fetal bovine serum (FBS) were got from Gibco (Grand Island, NY, USA).
All the primary antibodies including those against NF-κB/p65, COX-2, p-ERK, ERK, p-JNK, JNK, p-p38, p38, Atg12, Atg16 and TLR4 were bought from Santa Cruz Biotechnology (CA, USA). p-mTOR (Ser2448), mTOR, p-Akt (Ser473), Akt, p-NF-κB/p65, iNOS, Atg5 as well as Beclin-1 were ordered from Cell Signaling Technology (Beverly, MA, USA). Anti-p62 and IL-1β antibodies were bought from Abcam (Cambridge, USA). Monoclonal antibodies such as anti-β-actin and anti-LC3Ⅱ were obtained from Sigma-Aldrich (St. Louis, MO, USA). All secondary antibodies were purchased from KPL (Gaithersburg, MD, USA). Antibodies see Table 1 .
Microglia cell culture and treatment
The murine BV-2 microglia cells were maintained in our laboratory. BV-2 cells were cultured in DMEM/F12 supplemented with 10% heatinactivated fetal bovine serum (Invitrogen, Gibco, USA), 1% penicillin (100 units)/streptomycin (100 mg/mL) at 37°C in a humidified atmosphere of 5% CO 2 . The cells were passaged three times per week.
LPS was dissolved in phosphate buffer saline (PBS) at a concentration of 1 mg/mL stored at −20°C until it was used. BV-2 cells were pretreated for 1 h with different inhibitors, exposed to LPS (1 μg/mL) in the presence or absence of 0.1, 1, 10 μmol/L 20C. For the MTT assay, the cells were cultured with 20C and LPS for 24 h. For immunofluorescence analysis, the cells were cultured with 20C and LPS for 12 h. Additionally, for western blot analysis and ELISA analysis, the cells were cultured with 20C and LPS for 24 h.
Assessment of cell viability
BV-2 cells were cultured in Poly-L-lysine (PLL)-covered 96-well plates at a density of 5 × 10 4 cells/mL per well for 24 h. Then, the attached cells were exposed with LPS (1 μg/mL) in the presence or absence of 0.1, 1, 10 μmol/mL 20C. The MTT assay was used to assess the effect of 20C on the cells viability. The medium was added with 10 μL of 5 mg/mL MTT solution (Sigma-Aldrich) for 4 h at 37°C, and treatment with 100 μL of MTT-formazan dissolving solution for 10 h could solubilize the formazan crystals. The optical density (OD) was obtained by a Microplate Reader (Thermo, Waltham, MA, USA) at 570 nm.
RNA isolation and real-time polymerase chain reaction (PCR)
BV-2 cells (2.0 × 10 6 cells in six-well plate) were incubated with LPS (1 μg/mL) in the presence or absence of 0.1, 1, 10 μmol/L 20C for 6 h. The total RNA of BV-2 cells was extracted with a Trizol reagent (Invitrogen, Carlsbad, CA, USA), and then 1 μg RNA was reverse-transcribed to cDNA. The RNA levels of TNF-α was measured using a realtime PCR system (ABI 7900HT, Foster City, CA, USA). The level of GAPDH gene was used for standardization. All samples were repeated Molecular Immunology 99 (2018) 115-123 in duplicate, and biological replicates were run from three separate experiments. The detection system was carried out using the following parameters: 94°C for 30 s; 40 cycles of 94°C for 5 s, 59°C for 30 s, and 72°C for 10 s. The SYBR primers used are: TNF-α forward, 5′-CGTGG AACTGGCAGAAGAGG-3′, reverse, 5′-TCAGTAGACAGAAGAGCGT GGT-3′; GADPH forward, 5′-GGTGAA GGTCGGTGTGAACG-3′, reverse, 5′-CTCGCTCCTGGAAGATG GTG-3′. All SYBR primers were designed using Primer Express (TSINGKE Biological Technology, Beijing). Statistical analysis was performed by the 2 −△△Ct method and expressed as fold-changes.
NO assay
BV2 cells were plated into 12 well plates and treated with LPS (1 μg/ mL) in the presence or absence of 0.1, 1, 10 μmol/L 20C or different inhibitors for 24 h, the culture media was collected for NO assay. The NO production was determined by Griess reagents (Jiancheng Institute of Biotechnology, Nanjing, China). All samples were detected at wavelength 550 nm by using a microplate reader.
Enzyme-linked immunosorbent assay (ELISA)
BV-2 cells (1.5 × 10 6 cells/mL) were seeded for 24 h, stimulated with LPS (1 μg/mL) in the presence or absence of 0.1, 1, 10 μmol/L 20C or different inhibitors. The medium was collected and centrifuged at 3000 rpm for 5 min. The levels of TNF-α in the culture medium were measured with a mouse TNF-α (Mono/Mono) ELISA Set II from BD Bioscience Pharmingen (BD, San Diego, USA). All experiments were repeated at least twice.
Western blotting assay
The BV-2 cells were plated in 6-well plates and treated as mentioned above. Total protein were harvested from the cells using lysis buffer added with a protease inhibitor cocktail and phosphatase inhibitors (Sigma Aldrich, St Louis, MO, USA) in an ice bath. The cell extracts were centrifuged for 30 min at 12,000 rpm and the protein concentrations were quantified with BCA protein assay kit (Applygen Technologies Inc, Beijing, China). Each sample contained with 20 μg of protein was separated by 10% or 12% SDS-PAGE gels and transferred to a PVDF membrane (Millipore, Boston, MA, USA). The membrane was subsequently blocked with 3% BSA (Sigma Aldrich, St Louis, MO, USA) for 1 h and incubated overnight with primary antibodies at 4°C. TBST washing for three times, the PVDF membranes were added with horseradish peroxidase (HRP)-conjugated secondary antibodies (1:5000 dilution) for 2 h and protein levels were visualized using the enhanced chemiluminescence plus detection system (ImageQuant LAS4000mini, GE, Fairfield, CT, USA). Densitometry analysis of protein bands were quantifed with Gel-Pro Analyzer software.
Immunofluorescence analysis
The BV-2 cells were seeded in 24-well plates overnight and treated as described above. The medium supernatant was abandoned and the cells were teated with 4% paraformaldehyde for 15 min. After washing with PBS for three times, cells were permeabilized in 0.5% TritonX-100 (Sigma-Aldrich) in PBS for 15 min and then blocked in 5% BSA for 1 h. The anti-LC3Ⅱ and anti-p65 primary antibodies were incubated at 4°C overnight and then the cells were reacted with secondary antibodies (AlexaFluor 488-conjugated goat anti-rabbit antibody and AlexaFluor 546-conjugated goat anti-mouse antibody, 1:500 dilution, Invitrogen, Carlsbad, CA, USA) and Hoechst 33,342 (1:1000 dilution, Life Technologies, NY, USA) for 50 min. The fluorescence images were captured by confocal microscope (Leica TCS SP2, Solms, Germany).
Data analysis
Result data were expressed as mean ± SD. One-way ANOVA was used for statistical analysis by the software GraphPad Prism (Version 6.02, SanDiego, CA, USA). P < 0.05 was regarded as statistically significant.
Results
20C inhibited LPS-induced neuroinflammation in BV2 cells
Before investigating the anti-neuroinflammatory activity of 20C, the cytotoxicity was evaluated by MTT assay. The initial experiments showed that 20C did not affect cell viability with and without LPS at concentrations of 0.1, 1, and 10 μM (Fig. 2A) . Stimulation with LPS in BV-2 cells induced the overproduction of pro-inflammatory mediators NO and cytokines TNF-α. Additionally, 20C at various concentrations significantly inhibited the production of NO and treatment with 10 μM 20C decreased the release of TNF-α. Similarly, real-time PCR analysis also found that 20C (10 μM) attenuated the increase of TNF-α mRNA expression (Fig. 2B-D) . Western blotting analysis indicated that LPS treatment markedly up-regulated the protein expressions of iNOS, COX-2 and IL-1β, which were reduced by 20C (0.1-10 μM) (Fig. 2E-H) .
20C up-regulated the expressions of autophagy-related proteins in BV-2 cells
To confirm the capacity of autophagy to modulate the production of pro-inflammatory mediators, BV-2 cells were treated with autophagy inducer rapamycin (mTOR inhibitor) and autophagy inhibitor chloroquine (CQ) in the presence of LPS. Later on, we observed that rapamycin decreased the secretion of TNF-α and NO. On the contrary, CQ up-regulated the secretion of pro-inflammatory mediators (Fig. 3A and  B) . Then, after treatment with 20C, we measured the expression changes of autophagy-related proteins, including Beclin-1, p62 and LC3Ⅱ. Western blotting results suggested that LPS significantly reduced the levels of LC3Ⅱ, Beclin-1 and increased the expression of autophagy substrate p62. However, 20C-treated groups up-regulated LC3Ⅱ and Beclin-1 and the level of p62 was decreased. In order to demonstrate the conclusion, the expressions of several autophagy related genes (Atg5, Atg12 and Atg16) were also detected. All Atgs in 20C-treated groups showed an obvious augmentation in comparison with LPS-treated group (Fig. 3C-I ). In addition, immunofluorescence analysis was performed to analyze the autophagy marker LC3Ⅱ after LPS exposure with or without 20C. As expected, 20C markedly induced a typical LC3Ⅱ puncta pattern (Fig. 3J) .
20C enhanced autophagy by suppressing the phosphorylation of MAPKs in LPS-stimulated BV-2cells
We further studied the potential mechanism of 20C-induced autophagy up-regulation in BV-2 cells. The requirement of MAPKs has been well documented for regulating the process of autophagy. Furthermore, MAPKs play a crucial role in response to inflammatory molecules in microglia cells. Thus, we evaluated the capacity of 20C and rapamycin to regulate MAPKs activation. Our results showed that p38 inhibitor SB203580, JNK inhibitor SP600125 and ERK1/2 inhibitor PD98059 significantly attenuated the effects of LPS on the enhancement of production TNF-α and NO (Fig. 4A-B) . Treatment with LPS resulted in increasing the phosphorylation of p38, JNK and ERK1/2. Both 20C and rapamycin induced an evident down-regulation of the phosphorylation of p38, JNK and ERK1/2 (Fig. 4C-F) .
20C enhanced autophagy by inhibiting TLR4/Akt/mTOR signaling pathways in LPS-stimulated BV-2cells
Since TLR4 is an important receptor of LPS to activate downstream signaling pathways, which induced inflammatory and autophagy responses. mTOR is an evolutionarily conserved kinase and upstream protein phosphorylated-Akt can phosphorylate mTOR to form p-mTOR-S2448, which negatively regulates autophagy. We explored the effect of 20C on TLR4/Akt/mTOR signaling pathways. LPS treatment significantly enhanced the levels of TLR4, p-Akt and p-mTOR, whereas treated with 20C showed a reduction compared to LPS treated group (Fig. 5A-D) . We next investigated the effect of mTOR inhibition on LPSinduced translocation of NF-κB/p65. Western blotting result showed that the phosphorylation of NF-κB/p65 was notably increased in LPStreated group, which were decreased by 20C and rapamycin ( Fig. 5E-F) . Furthermore, immunofluorescence result supported that the nucleus translocation of NF-κB/p65 was obviously suppressed by 20C treatment (Fig. 5G) .
CLI-095 and Akti inhibited TLR4/Akt/mTOR signaling pathways in LPS-stimulated BV-2 cells
To address the contribution of TLR4 and Akt in LPS-activated BV2cells, special inhibitors CLI-095 and Akti were used to demonstrate roles of TLR4 and Akt in TLR4/Akt/ mTOR pathways. It was shown that TLR4 inhibitor CLI-095 and Akt inhibitor Akti significantly attenuated the production of TNF-α induced by LPS (Fig. 6A) . Moreover, p-Akt, pmTOR, p-NF-κB/p65 and LC3Ⅱ protein expressions were markedly decreased with the treatment of CLI-095 and Akti, respectively, indicating that TLR4 and Akt played vital roles in the regulation of autophagy via TLR4/Akt/ mTOR signaling pathways (Fig. 6B-F) .
Discussion
Accumulating evidences suggest that neuroinflammation contributes to progressive neuronal degeneration and microglia activation exerts an important part in neuronal death by releasing inflammatory mediators (Groh and Martini, 2017; Tiwari and Pal, 2017) . Therefore, restraint of excessive microglia activation can be an expected therapeutic strategy to treat neurodegenerative diseases (Cadwell, 2016; Shibutani et al., 2015) . Current studies have explored the roles of autophagy in innate immunity and adaptive immunity, indicating that the effect of autophagy in inflammatory responses appears to be protective. The autophagy pathway and related proteins play a crucial role in the regulation of inflammatory signaling, including pro-inflammatory transcription factor NF-κB activation, the level of the inflammasome Q.-h. Shao et al. Molecular Immunology 99 (2018) 115-123 and PI3K/Akt signaling pathway (Levine et al., 2011) . In addition to modulating inflammatory pathways, the potential regulatory action of autophagy is the participation of TLR-mediated phagolysosomal pathways, thereby effecting inflammation (Plaza-Zabala et al., 2017) . These results inspire us to investigate whether 20C affects inflammatory response in BV-2 cells via influencing autophagy. Compound 20C is isolated from Gastrodia elata. In the existing studies, we demonstrated that 20C exerted neuroprotective effect against tunicamycin-stimulated endoplasmic reticulum stress, rotenone-induced cell apoptosis and rotenone-induced oxidative damage Mou et al., 2016; Zhang et al., 2017) . In this study, we proved that 20C suppressed neuroinflammation in LPS-activated BV-2 cells and elucidated the underlying mechanisms (Fig. 7) . Abnormal activated microglia secreted pro-inflammatory cytokines such as TNF-α and IL-1β in the process of neuroinflammation. Then these pro-inflammatory mediators trigger a neuroinflammatory cascade and contribute directly to brain injury and neurodegenerative diseases (Su et al., 2016a; Subramaniam and Federoff, 2017) . The regulatory mediator NO is neuromodulator and neurotransmitter in the CNS and excessive production of NO is involved in the pathogenesis of various inflammatory conditions (Chong et al., 2017; Ghasemi and Fatemi, 2014) . NO level is mediated by up-regulation of the inducible isoform of NO synthase in microglia (Tse, 2017) . In the previous studies, inhibition of NO synthase using selective and non-selective iNOS inhibitors offers significant neuroprotective effect and controls the progression of diseases (Tse, 2017) . PGE2 exerts pro-inflammatory damage in multiple brain pathophysiological processes and is derived from arachidonic acid by COX-2. Moreover, inhibition of COX-2 has been shown to block microglia activation and reduce neuronal inflammation (Fiebich et al., 2014) . In our study, 20C suppressed not only TNF-α and NO production but also TNF-α mRNA expression in LPS-activated BV-2 cells, which preliminarily determined the anti-neuroinflammatory effect of 20C. Further experiments suggested that 20C prevented the LPS-induced up-regulation of iNOS, COX-2 and IL-1β in the protein levels. Hence, our results supported that 20C suppressed neuroinflammation on LPS-stimulated BV-2 cells.
Autophagy is an essential regulator of CNS aging and neurodegeneration. In the CNS, the existing studies related to autophagy mainly focus on neurons and the effect of breaking down exotic protein and organelles by autophagy is beneficial to neuronal survival (Plaza-Zabala et al., 2017) . Appropriate activation of microglia is crucial to injury repair and homeostasis reconstruction, while microglia excessive activation may aggravate brain damage (Levine et al., 2011; Su et al., 2016b) . Recent research reveals an important role of autophagy pathway in immunity and inflammation. Autophagy is able to balance the beneficial and harmful effects of inflammation, which contributes to prevent infectious immunity and inflammatory diseases (Bussi et al., 2017) . Hence, autophagy controls the proper state of microglia activation and may be a protective mechanism in CNS. With LPS treatment, rapamycin and CQ were used to enhance or block autophagy, respectively. In LPS-stimulated BV-2 cells, we observed that rapamycin activated autophagy and the stimulated production of TNF-α and NO were remarkably reversed. While in CQ treated BV-2 cells, the over-production of TNF-α and NO were significantly up-regulated. These findings indicate that induction of autophagy in BV-2 cells negatively regulates pro-inflammatory responses after LPS stimulation. Compared with LPS-treated groups, 20C treatment obviously increased the expressions of autophagy-related protein LC3Ⅱ, Beclin-1 and reduced the level of autophagysubstrate p62. The conjugation of Atg5, Atg12 and Atg16 involves in the extension of the autophagosome (Divya et al., 2017) . And 20C exerted the comparable effect on increasing the protein expressions of Atgs. To sum up, these data indicate that 20C may protect BV-2 cells from LPS-induced inflammatory response by enhancing autophagy. The relationship between MAPKs signal pathway and autophagy is observed in recent reports. JNK can suppress Bcl-2/Beclin-1 interaction and JNK is able to regulate autophagy-induced cell death via accumulating p62 (Mukherjee et al., 2017; Zhou et al., 2015) . Additionally, both p38 and ERK1/2 participate in cell survival, apoptosis and autophagy (Bussi et al., 2017) . The requirement of MAPKs in inflammatory processes has been well proved in previous literatures (Reinhardt et al., 2017) . Therefore, we supposed that the capacity of autophagy to weaken pro-inflammatory response was related with the inhibition of LPS-induced MAPKs activation. We evaluated whether rapamycin and 20C contributed to regulate MAPKs activation. In this study, MAPKs signal pathway inhibitors (SB203580, SP600125 and PD98059) restrained the enhancement of production NO and TNF-α induced by LPS. Both rapamycin and 20C were able to significantly decrease the phosphorylation of p38, JNK and ERK1/2 in BV-2 cells induced by LPS. Consistent with our assumption, 20C suppressed the phosphorylation of MAPKs and thereby up-regulated autophagy in LPSinduced BV-2 cells. It can be one of the possible mechanisms underlying its anti-neuroinflammatory effect.
TLR4, an important member of TLR family, is able to specifically recognize LPS and serves as a sensor for autophagy related with innate immunity (Hu and Zhang, 2017) . Stimulation of the TLR4 extracellular domain sequentially triggers various intracellular signaling pathways, including MAPKs, Akt/mTOR, NF-κB pathway (Wang et al., 2013) . mTOR is previously linked to regulation of autophagy and Akt/mTOR pathway acts as a vital autophagy-regulatory pathway (Hu et al., 2016) . Phosphorylated-Akt is the upstream regulator of phosphorylate mTOR and p-mTOR-S2448 negatively regulates autophagy. Our data showed that following LPS exposure, the protein expressions of TLR4, p-Akt and p-mTOR were increased. However, incubation with 20C decreaed the expressions of TLR4, p-Akt and p-mTOR. NF-κB is a key nuclear transcription factor and it can activate transcription of inflammatory genes (Lin et al., 2017) . We investigated the relationship between autophagy and NF-κB further. When the phosphorylation of mTOR was inhibited, the level of p-NF-κB/p65 was markedly decreased. Then the TLR4 special inhibitor CLI-095 and Akt inhibitor Akti were used to confirm the effects of TLR4 and Akt in TLR4/Akt/ mTOR pathway. 20C exerted the comparable effects on inhibition of the TLR4/Akt/mTOR signal pathway in LPS-activated BV-2 cells, suggesting blocking TLR4/Akt/ mTOR might be an underlying basis for the anti-inflammatory effect of 20C.
Conclusion
In conclusion, the present study firstly confirmed anti-inflammatory effect of 20C on LPS-induced BV-2 cells, attenuating the expression of iNOS, COX-2 and IL-1β, and secretion of NO and TNF-α. Furthermore, we explored the underlying molecular mechanisms. Our study showed that 20C exerted anti-inflammatory effect via enhancing autophagy through MAPKs and TLR4/Akt/mTOR signaling pathways. Thus these data from our investigation indicate that 20C is potential to be a drug candidate for neurodegenerative diseases. , and 10 μM) in the presence or absence LPS (1 μg/mL) for 12 h. The protein levels of TLR4, p-Akt (Ser473) and p-mTOR (Ser2448) were analyzed by western blotting. Total Akt and mTOR served as loading controls. (E-F) BV-2 cells were pretreated with rapamycin (100 nM) for 2 h and then cultured with LPS (1 μg/mL) for 12 h. p-NFκB/p65 and total NFκB/ p65 expressions were analyzed by western blotting (G) The translocation of NFκB/p65 was determined by immunofluorescence. Scale bar = 10 μm. Data are expressed as the mean ± SD (n = 3).
## p < 0.01 vs. normal control group；** p < 0.01, * p < 0.05 vs. LPS-induced group. 
